Abstract-In any gas turbine design cycle, blade design is a crucial element which needs maximum attention to meet the aerodynamic performance, structural safety margins, manufacturing feasibility, material availability etc. In present day gas turbine engines, most of the failures occur during engine development test and in-service, in rotor and stator blades due to fatigue and resonance failures. To address this issue, an extensive structural dynamic analysis is carried out to predict the natural frequencies and mode shapes using FE methods. Using the dynamics characteristics, the Campbell diagram is constructed to study the possibility of resonance at various operating speeds. In this work, the feasibility of using composite material in place of titanium alloy from the structural dynamics point of view. This is being attempted in a Low-pressure compressor where the temperatures are relatively low and fixed with the casings. The analysis will be carried out using FE method for different composite material with different lamina orientations chosen through the survey. This study will focus on the sensitivity of blade mode shapes to different laminae orientations, which will be used to alter the natural frequency and tailor the mode shapes. Campbell diagrams of existing titanium alloy are compared with the composite materials with different laminae at all critical operating conditions. The existing manufacturing methods and the proven techniques for blade profiles will also be discussed in this report.
INTRODUCTION
For many decades, researchers have steadily worked on improving the performance of gas turbine engines. Major advances were made in the areas of materials, structures, controls, reliability, thermal cycles, thrust to weight ratio, and overall pressure ratios. Improving performance, reducing operating cost, lowering emission and noise, and enhancing structural reliability of gas turbine engines are prudent to meet the challenges of the new century. Production of lighter engines than conventional engines with higher efficiency and improved reliability compared to present technology is essential. composites are versatile materials have so far been best known for their weight saving contribution to nacelles, thrust reversers, ducts, guide vanes and other items outside the engine proper. Polymer composites are temperature limited and therefore unsuitable for use in engine hot sections but not in case of cold sections. Designers consider most benefit in the large fan blades i.e. Low Pressure compressor blades, found at the front of turbofan engines that power the airliners of today.
Weight reduction is always a strong driver in aeronautics and a set of fan blades that is lighter than any that existed hitherto will automatically help in producing lighter engines that reduce fuel burn while increasing payload and range. However, the dynamics of a fan multiply the weight-saving significance several times over. Blades on fans in current generation turbofan engines can experience centrifugal loadings of around 100 tons-equivalent to the weight of a diesel locomotive hanging on each blade. Typical military gas turbines will revolve at 10,000 rpm in cruise for LP Compressor Spool and the centrifugal load experienced by the rotor blades increase with center of gravity location, rotational speed and with blade mass. Radius and speed are determined by aerodynamic design considerations, but anything the designers can do to reduce blade mass will reduce loadings hence it is advantageous to change from conventional titanium alloy blades to composites and sandwich structures. This provides over 35-40% weight reduction and also provides good dynamic characteristics.
II. SCOPE OF THE PROJECT
The scope of the project is to carry out the modal analysis of a trial blade profile which may be used in gas turbines by applying composite materials including pre-stressed effects and to find out the natural frequencies and mode shapes. To plot the Campbell diagram and to predict the occurrence of resonance for different speeds. To achieve the above, the following objectives have to be carried out Selection of the best composite material by carrying out the modal analysis of different type of composite materials in a rectangular plate and best orientation of fibers in the plate. Analyzing the blade profile available for dynamic characteristics using the available FEM software like ANSYS. Identify the occurrence of resonance, if any at operational conditions and make require changes in the design phase of the structure of the component so as to avoid the resonance at different operating conditions.
III. ANALYSIS USING FEM IN ANSYS

A. FEM in ansys
The finite element method (FEM) is the most popular simulation method to predict the physical behavior of systems and structures. Since analytical solutions are in general not available for most daily problems in engineering sciences numerical methods have been evolved to find a solution for the governing equations of the individual problem. Although the finite element method was originally developed to find a solution for problems of structural mechanics it can nowadays be applied to a large number of engineering in which the physical description results in a mathematical formulation with some typical differential equations which can be solved numerically.
B. Static analysis
Static analysis is used to calculate the effects of steady loading conducting on a structure, while ignoring inertia and damping effects, such as those caused by time varying loads. Static analysis is to determine displacements, stresses, strains and forces in structures or components caused by loads that do not include significant inertia and damping effects.
C. Dynamic analysis
Under the dynamic analysis comes Vibration, free vibration, forced vibration, natural frequency, modes, mode shapes, resonance, pre-stressed modal analysis
D. Campbell diagram
In rotating machinery, as the structure undergoes rotation the centrifugal load on the blades varies with RPM along with the associated aerodynamic parameters such as pressure and temperature. Due to the variation in the temperature and centrifugal loads, the structural stiffness changes which ultimately results in the change in natural frequency. This change in natural frequency needs to be predicted at the design stage and the possibility of any resonance need to be studied and avoided, if possible.
Mainly two types of excitation namely: Mechanical and Aerodynamic.
Mechanical Excitation: Due to unbalance force in terms of mass rotating with its centre of gravity i.e. U= m*e*ω2, which varies with speed is always a dominating excitation force in rotating machinery. This force will invariably present in the structure and produces an excitation force. The excitation frequency will be equal to the first harmonic of rotor speed i.e. 1X = w /60 * 1. Similarly, other harmonics arise due to excitation frequencies corresponding to looseness, circumferential ovality and so on. Each harmonics of rotor speed has specific relation to a mechanical phenomenon and explained in detail in the following reference [1] .
Aerodynamic Excitation: The fluid passing over the structural members like blades, vanes and supporting frames do expand completely and results in a smooth flow. However, the vortices leave the structural member at the trailing edge of the aerofoil and exerts a pulsating force which impinges on the next stage. This again produces an excitation frequency corresponding to the no.of disturbances seen in one revolution.
For example, if the no of stator blades in a stage corresponds to 47, then the next following rotor blade will face 47 pulsations in one revolution. The excitation frequency corresponding to that will be 47*RPM/60 and this is termed as 47X in a Campbell diagram. This gives the possibility of resonance to the structural member where the excitation frequency matches with the natural frequency. This information can be inferred from the Campbell diagram ( In  Fig 3. ).
where the variation of natural frequency (Y axis) is plotted against speed (X-axis) along with the engine order lines (i.e. 1X. 2X….47X…so on) applicable to the stage. From the Campbell diagram, it is possible to identify the possibility of resonance at higher RPM's or at regimes where the engine will dwell for longer time and it can be avoided at the design stage.
E. Pre-stressed modal analysis
First, the modal analysis for 0 rpm is carried out in the structure using Block Loncoz method and the natural frequencies are noted down. Then, the inertial load is given and a static analysis is carried out with considering the prestressed effects due to the inertial load. Then finishing that static analysis, the modal analysis is carried out with switching on the include pre-stress effects option and the natural frequencies are obtained.
F. Analysis of trial blade profile
Modal Analysis is carried out for the given Trial blade profile by applying Composites and comparing its Frequency values with the conventional Titanium blade. The blade profile is shown in Fig.1 . The first three mode shapes of the Titanium blade profile without pre-stress effects are given. In the first mode, the maximum displacement will be at the tip and at the root there is minimum deformation. In the second mode, the deformation will be at both the root tip and there will be minimum deformation (-.2295 m) at the middle of the blade profile. In the third mode, the deformation will be all over the blade. For the analysis part of first three mode shapes of the Titanium blade profile without pre-stress effects refer to appendix [1] .
I. Modes shapes obtained with 7500 rpm
The First three mode shapes of Titanium blade profile with 7500 Rpm are given, In the first mode shape with 7500 rpm, the deformation is similar to mode shape with pre-stress effects in the second mode with 7500 rpm the deformation will be minimum at the trailing edge and maximum at leading edge of the tip In the third mode with 7500 rpm, deformation will be all over the blade profile but when compared to mode shape of prestress effect the mode shape is varied slightly.
J. Modes shapes obtained with 9000 rpm
All the mode shape found at 9000 rpm are similar to the mode shapes found at 7500 rpm, but the frequency values only varies, for the analysis refer to appendix [1] . 
K. Campbell diagram for titanium
L. Analysis of blade profile with three lamina composite material
Analysis is done on selected composite materials. Based on Structural Dynamics point of view, Modal analysis was performed for all the above Composite material and from the obtained frequency values Campbell diagram was generated, and as a result best Composite material was chosen. The material properties and frequency values for above mentioned composites are given in appendix [2] . From the table that carbon epoxy and aramid epoxy has good dynamic characteristics. So, further study on lamina orientation is analyzed on carbon epoxy and aramid epoxy as shown, The stacking sequence of 3 laminae in different orientation are shown in appendix [3] . From the appendix [3] it is evident that Carbon Epoxy exhibits good Dynamic characteristics. Also, Carbon Epoxy has high temperature regime compared to aramid epoxy. So now carbon epoxy is analyzed with prestress effects (i.e. with RPM of 7500 and 9000). From the appendix [3] , it is evident that Carbon Epoxy shows very good Dynamic characteristics for 90/0/90 ply orientation.
M. Composite blade with 3 lamina
N. Mode shapes of three lamina carbon epoxy without prestress effect for 90/0/90 orientation
From the Modal Analysis of three lamina Carbon Epoxy without pre-stress, the first 3 mode shapes are extracted as shown in appendix [3] . In the first mode shape the maximum displacement will be at the leading edge of the tip of blade while the minimum displacement will be at the root of the blade. In the second mode shape the maximum displacement will be at leading edge of the tip while the minimum displacement will be at the trailing edge of the tip. In the third mode shape, maximum displacement will be at both the leading and trailing edge of tip, while the minimum displacement will be at the middle portion of the leading edge of the blade.
O. Mode shapes of three lamina carbon epoxy with 7500rp m for 90/0/90 orientation
The first mode shape of the carbon epoxy for three lamina orientation with 7500 rpm is similar to the first mode shape without pre-stress effect. The second mode shape with 7500 rpm is also similar to the second mode shape without pre-stress effect. The third mode shape with 7500 rpm varies from the third mode shape without pre-stress effect, such that the minimum displacement region from the middle portion of the leading edge to the middle portion of the tip of the blade.
P. Mode shapes of three lamina carbon epoxy with 9000rpm
for 90/0/90 orientation The first mode shape with 9000 rpm is similar to the first mode shape without pre-stress effect. Second mode shape with 9000 rpm is also similar to that of second mode shape without pre-stress effect. The third mode shape with 9000 rpm varies with the third mode shape with 7500 rpm, such that the minimum displacement region completely shifted from the leading edge to the middle portion of the tip of the blade. Now extending the similar analysis for five lamina orientation as shown below, first all the four composite materials are analyzed for five lamina orientation. The Frequency values for different orientations are tabulated in appendix [4] . from the [ The mode shapes of carbon epoxy with (90/45/0/45/90) Ply orientation without pre-stress effects are shown in appendix [5] .
T. Mode shapes of carbon epoxy with (90/45/0/45/90) ply with 7500rpm
The first mode shape with 7500 rpm is similar to the first mode shape without pre-stress effect. The second mode shape with 7500 rpm is similar to the second mode shape without pre-stress effect, the only difference is minimum displacement region is decreased slightly. The third mode shape with 7500 rpm completely varies from the third mode shape without pre-stress effect, such that the minimum displacement region is shifted from leading edge to tip of the blade.
U. Mode shapes of carbon epoxy with (90/45/0/45/90) ply with 9000rpm
The first mode shape with 9000 rpm is similar to the first mode shape without pre-stress effect. The second mode shape with 9000 rpm is similar to second mode shape with 7500 rpm, but the only difference is minimum displacement region is decreased. The third mode shape with 7500 rpm is similar to the third mode shape with 7500 rpm. 
V. Campbell diagram for carbon epoxy with (90/45/0/45/90) ply
IV. RESULT
In this pilot work, the following issues are studied in detail to arrive at the feasibility of using composite laminates in place of metallic alloys such as titanium, predict the natural frequencies and mode shapes of a typical titanium alloy blade configuration. Calculate the weight of the blade configuration. Predict the natural frequencies and mode shapes of the same blade configuration using the different composite materials identified for gas turbine usage. From above analysis, it's evident that carbon epoxy composites with 3 ply &5ply shows a better structural dynamic characteristic. Carbon epoxy is chosen for further analysis in detail and the results for various orientations are presented below. From above results it is evident that, the orientation (90/0/90) with no of lamina (Three) gives the natural frequency which has an improvement of (47.7%) over the Titanium alloy. And the orientation (90/45/0/45/90) with no of lamina (Five) gives the natural frequency which has an improvement of (41.4%) over the Titanium alloy. So, carbon epoxy with above orientation is considered for design.
V. CONCLUSION
This result proves that it is possible to tailoring the mode shape, in case it is required by the designers. This mode shape tailoring is basically to avoid the high vibratory stresses at critical section in a blade. A wide variety of literature is available in this topic and the scope of the work is to only identify the possibly of change in the material. A detailed work shall be carried out in future to study the implications of change in mode shapes and their relevance to gas turbine design. 
